intubated and non-intubated patients. The higher endtidal C02 value in each group is the result ofrebreathing due to inadequate fresh gas flow. The hyperbolic curve represents data from a group of intubated patients in the absence of rebreathing (Nunn 1958) that is, a low fresh gas flow at which the signs of rebreathing appeared. In all cases studied so far, the end-point has been at a fresh gas flow considerably lower than the patient's minute volume, sometimes as low as 2 I./min with a minute volume of 4 5 1./min. A positive correlation has been found between minimum adequate fresh gas flow and minute volume. for intubated and non-intubated groups. The left-hand point of each line indicates the situation with high fresh gas flow and no rebreathing; the right-hand point shows the response to rebreathing due to inadequate fresh gas flow. The over-all response of the two groups is similar, as shown by the slopes of the curves, but the mask group begins in a less favourable position with regard to CO. and ventilation required to maintain a given level of CO2. This would seem to indicate the importance of the added dead space of a mask.
From our results so far, it appears that the Magill circuit is more efficient with regard to disposal of carbon dioxide than was hitherto supposed. He referred to a paper he had read before the Section in 1928 in which he recorded the first occasion (1920) on which he had used a wide-bore tube for endotracheal administration of nitrous oxide and oxygen. In fact, the 'Magill attachment' was devised and first used by him for that purpose.
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Although patients were expected to breathe spontaneously in the early 1920s, he admitted that at that time he favoured the quiet respiration obtainable by true endotracheal insufflationan expensive method, particularly in private practice. To-and-fro breathing through a wide-bore tube proved to be a more economical method.
In the original version of the attachment he had been anxious to avoid factors, such as positive pressure or excessive rebreathing, which might lead to congestion and increased bleeding at the site of operation. With this objective in view, the bag which acted as a reservoir for the continuous flow of gases was made of very thin rubber. It was covered by a loose net which only came into action if positive pressure were required in emergency. The elasticity of the bag was equalled by the tension of the light spring on the expiratory valve. Hence, with a gas flow of, say, 8 1./min excessive rebreathing was avoided.
While he was aware that the 'Magill attachment' was still in occasional use, he confessed that he no longer used it himself when modem equipment was available. Disturbing reports have recently been published of hypoxemia during the phase of 'one lung' anesthesia using double-lumen endobronchial tubes (Table 1) . Edwards & Hatch (1965) recommended that 'one lung' anesthesia should not be undertaken with a gas mixture containing less than 50 % oxygen. Nilsson et al. (1965) concluded that 'the widely used technique when a Carlens tube is in place to let one lung collapse for some time may jeopardize cerebral tissue oxygenation'. This is a preliminary report showing the results of measurements of arterial oxygen tension during thoracotomy in anesthetized patients, ventilated manually with 33 % 02 and with one lung deliberately collapsed by the use of doublelumen endobronchial tubes. The investigation was undertaken to compare the oxygen tensions achieved by this method with those reported by other investigators in similar circumstances, but with ventilation maintained by automatic ventilators. Patients taking part in this-investigation were selected only on the grounds of availability of the necessary personnel and no patient was excluded because of extensive pulmonary disease or other physical frailty. Premedication consisted of Omnopon, morphine or pethidine with hyoscine or atropine. Anaesthesia was induced with thiopentone and curare and maintained with a fresh gas flow of 6 1./min of nitrous oxide and 3 ./min of oxygen with supplements of pethidine or phenoperidine where indicated. Patients were intubated with a double-lumen endobronchial tube and its position was checked in both the supine and lateral positions.
As soon as the chest was open, ventilation was undertaken at a high rate, 20-40 per minute, with a sustained positive pressure during expiration of up to 5 cm H5O in order to prevent the development of diffuse atelectasis in the dependent lung and to diminish mediastinal flap. This ventilatory pattern can only be achieved at the expense of a rise in intra-alveolar pressure and this may throw an extra burden on the right side of the heart.
Arterial blood samples were taken anaerobically into 5 ml heparinized glass syringes and capped, and were either analysed immediately or stored in iced water for not more than three hours and then prewarmed for one minute before analysis. pH, Pco, and Po. were measured electrometrically on a radiometer type AME 1 electrometer; pH by a capillary microelectrode;
Pco2 by the micro-equilibration technique described by Siggaard Andersen & Engel (1960) and Po. by a radiometer Clark type electrode (1956) .
The Clark electrode was calibrated against normal saline solutions maintained at 38°C and equilibrated with spot nitrogen and compressed air. Corrections were not made for alteration of barometric pressure, saline-blood gradient or patient-electrode temperature differences. Twenty patients were studied whose ages ranged from 24 to 73 years. Individual results are given in Table 2 . With patients in the lateral position and both lungs ventilated, the mean arterial oxygen tension was 143-5 mmHg. When the upper lung was collapsed the mean arterial oxygen tension fell to 89 mmHg.
Two main points emerge from examination of these results:
(1) Arterial oxygen tension measurements with one lung collapsed are more encouraging than would have been expected by perusal of the published work. Many factors affect arterial oxygen tension. In this group of patients, who are acknowledged to have pulmonary disease, a level of 80 mmHg has been selected as a reference point. During 'one lung' anaesthesia the arterial oxygen tension of 11 out of 20 patients was above this level (Table 2 ). On the other hand, 9 out of 20 of our patients had arterial oxygen tensions between 60 and 80 mmHg during the period of 'one lung' aneasthesia. This is an undesirable level of oxygen tension but not dangerous in its own right, unless associated with anaemia or reduced cardiac output. Because of the shape of the oxygen dissociation curve, the lowest figure of 60 mmHg would represent about 90% saturation of heemoglobin with oxygen, provided that pH and Pco2 were in the normal range. (2) Our figures of arterial oxygen tension during 'one lung' anasthesia with manual ventilation compare favourably with previously published work where ventilation was maintained by mechanical ventilators (Table 1) . Although statistical comparison of the results is not possible since individual figures were not provided 752 Proc. R. Soc. Med. Volume 60 August 1967 by the previous investigators, it can be said that the mean arterial oxygen tension figures in patients ventilated by hand with 33 % oxygen are at least as good as those of the patients ventilated with 50% oxygen by mechanical ventilator.
It is currently fashionable to belittle manual ventilation because it does not permit accurate control over the respiratory parameters. For example, in 1962 Griffiths stated: 'The theory of the superiority of the educated hand . . . is nonsense'; and in 1963 Mushin wrote: 'However, with the present interest in more exact measurement of the respiratory parameters, the "educated hand" is exposed as an illusion.' Nevertheless, our evidence would suggest that, in this instance, the results of manual ventilation compare favourably with those achieved by mechanical ventilation. Whether this indicates an inherent limitation of the ventilators used or that the ventilators were less than adequately used is a matter for further investigation.
An Investigation into Shivering Following Aniesthesia: Prelimiary Report by Merton Cohen MB FFA RCS (Department ofAnasthesia, University ofLiverpool) Shivering during recovery from anesthesia has been frequently mentioned in the literatureparticularly since the introduction of halothane. Two hundred and twenty subjects have been personally observed during anesthesia and recovery, and the incidence of shivering and certain other phenomena were recorded and related to anesthetic technique and environmental factors. In all cases the lower cesophageal temperature has been monitored throughout and, in some, skin temperatures have been simultaneously monitored; temperatures were measured with thermocouples and an automatic multichannel writing recorder.
A few patients have been surrounded by plastic mattresses through which warm water was perfused in an attempt to prevent heat loss to the environment.
Patients were undergoing major dental surgery or general, orthopedic or gynecological operations not involving opening of the thorax or wide exposure of intraperitoneal viscera.
It is stressed that this is a preliminary report based on small numbers. At this stage the various groups of subjects are not considered strictly comparable and for this reason no statistical analysis has been attempted. However, certain trends are discernible in the results to date. Groups of patients receiving halothane, whether under normal operating theatre conditions (135 subjects), or warmed as previously described (38 subjects), exhibited either fine or coarse shivering during recovery in just under 50% of cases in both groups.
Much smaller groups of patients subjected to a variety of techniques excluding halothane exhibited a shivering incidence of only about 10%, but 5 subjects in 11 shivered during recovery when halothane was used as an adjuvant in an anmsthetic technique of controlled ventilation with nitrous oxide and oxygen, muscle relaxation being produced with tubocurarine.
These figures suggest that halothane greatly influences the incidence of shivering and that tubocurarine after reversal with neostigmine does not prevent it.
The incidence of shivering within the halothane group has been related to various other factors, with the results detailed below.
Increased length of exposure appears markedly to increase the incidence of shivering up to about a forty-minute exposure, after which a platea-uappears to be reached. Age: Younger patients have shown a greater incidence of shivering in this series. Children below the age of 15 have so far been excluded from the investigation. Sex: There appears to be a markedly greater incidence in male patients than femalesthough the significance of this impression is called into question by a bias within the series towards shorter anmsthetics for female patients.
The pattern of temperature change during anmsthesia is remarkably constant. Induction is rapidly followed by an acute drop of up to 1°C in lower cesophageal temperature in the first five to fifteen minutes, which gives way to a more gradual drop which persists throughout antsthesia. The presence or absence ofan endotracheal tube did not influence the observed cesophageal temperature changes, provided the thermocouple was placed sufficiently far down the oesophagus.
An early rise in skin temperature of up to 4°C accompanied these cesophageal temperature changes. In prolonged antsthetics this rise may
